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Introduction 

The carbonization of coal  is normally car r ied  out under  conditions 
of relatively slow heating, the p r o c e s s  taking many hours .  During the pas t  
decad in te res t  has  a r i s e n  in  f a s t e r  heating r a t e s  
b e d s g ’  circulating heated p e b b l e d ,  and h o t - g a d ‘  carbonization t rea tment  
has  reduced the heating per iods  into the t ime range of seconds o r  l e s s .  
Investigators have r ported in de ta i l  carbonizations in t ime ranges a s  low 
a s  60 r n i l l i s e ~ o n d s ~  Nelson reported the use of f lash heating on coal 
samples  but did not detail  h i s  findingsJ. His technique resulted in one 
to t h r e e  mill iseconds exposure.  
tain fur ther  information on the effect  of f lash-heating on coal using even 
s h o r t e r  exposures.  

Thus,  the use  of fluidized 

The present  work was undertaken t o  ob- 

Experimental  

The flash unit consis ted of a flashiube holder,  four 100pF capaci ta tors ,  
and a 4000V power supply. 
was used. 
shown in Figure 1. 

A GE FT524-Xenon-fil led quartz  helix flashtube 
The f lash unit was  incorporated into a gas-handling sys tem a s  

The duration of f l a s h  i s  a function of the electr ical  c i rcu i t ,  particularly 
the capacitance and the res i s tance  of the flashtube. By definition, the f lash 
duration is considered to be the t ime f r o m  the init ial  1/3-peak power to the 
final 1/3-peak. With a given tube,  the length of the f lash var ies  with the 
capacitance.  
manufacturerJ, Table 1. 

he f lash durat ion was determined f r o m  data supplied by the 



TABLE 1 

h 
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Flash  Charac te r i s t ics  

Time above 1/3 power, p sec.  
Capacity Max. Min . Input, joule Output, j / s q .  c m . -  ..d 

100pF 230 
200 - 
300 - 
400 800 

195 8 0 0  3.7 
305 1600 7 . 5  
415 2400 11.2 
520 3200 15 

:*The internal surface of the helix i s  62 sq. cm. 

The input energy dissipated in the flash was computed f r o m  the 
formula E = 1/2 CV', where E i s  the energy in joules. C i s  capacitance in  
microfarads ,  and V is voltage in  kilovolts. Thus, the FT524 tube emits 15 
optical joules/sq.  cm. fo r  an energy input of 3200 joules.  
the light energy output i s  considerably l e s s  than the input energy. 
mately 30 percent  of the input energy was radiated into the t e s t  cylinder.  

But, as seen  above, 
Approxi- 

The exper imenta l  sys tem used i s  shown in F igure  1.  Usually 10 
mg. of pulverized coal [ l e s s  than 10 microns  in  s ize)  were  t r a n s f e r r e d  
into the quartz r eac to r  and suspended on the walls by rotating t h e  r eac to r .  
The reac tor  was  then carefully placed into the helix of the flashtube, con- 
nected t o  the manifold. and evacuated. 
level,  the p r e s s u r e  r i s e  was  measured  and a gas  sample was  taken. The 
residual  solids were  sampled o r  weighed when necessa ry .  

Af te r  flashing a t  the des i r ed  energy  

A s  the cha rac t e r i s t i c s  of both the lamp and the quar tz  r e a c t o r  
tended to change with t ime ,  t e s t  s e r i e s  designed to achieve specific goals 
were  run closely together.  

Results 

A s e r i e s  of coals  having increasing volatile m a t t e r  content were  
studied. Thei r  compositions and proximate analysis a r e  shown i n  Table I1 

I 



TABLE I1 

Composition of Coals Used 

Coal Elkol'  
Proximate  Analvsis.  

F e d e r a l  No. l2 Kopperston No. 2' 

, .  
9'0, dry  basis  
Volatile Matter 40. 7 
F ixed  Carbon 54 .6  
Ash (dry! 4.7  

Ultimate Analysis,  
%, dry  basis  
Carbon 70 .6  
Hydrogen 5 . 4  
Sulfur 1 .0  
Nitrogen 1 . 2  
Oxygen 17 .1  
Ash 4 . 7  

37.7 
56.8 

5.5 

78 .4  
4 .9  
1 . 9  
1. 5 
7.8 
5.5 

31.6 
63.9 

4.5 

8 5 . 1  
6.2 
0.7 
1.5 
2.0 
4 . 5  

Colve rz 

25.3 
68.5 

6 . 2  

8 0 . 6  
5 .3  
0 . 8  
1 .5  
5.6 
6.2 

'Kemmere r  Coal Co . ,  F r o n t i e r ,  Wyoming 

'Eas te rn  Gas  and F u e l  Assoc ia t e s ,  Pit tsburgh, Pa. 

The composition of the evolved gases  f rom the last three coals i s  
shown in F igu re  2 through 4. A s  the energy  of the f l a s h  i s  increased ,  the 
gas  composition changes.  Hydrogen inc reases .  the volume percentage of 
C2Hz rema ins  nea r ly  constant,  while the m o r e  sa tura ted  hydrocarbons de-  
c r e a s e .  COz d e c r e a s e s ,  while CO inc reases .  

The gas-composition t r ends  a r e  consistent with increased  cracking 
of the evolved gases  with the higher t empera tu res  assoc ia ted  with the in- 
c r e a s e d  energy. Thus,  t he  m o r e  sa tura ted  ethane and  ethylene a r e  replaced 
by acetylene.  Also ,  methane may  c rack  to  acetylene.  However, the acetylene 
may  decompose to carbon and hydrogen. 

It is of i n t e re s t  to r e l a t e  the product concentration to the volatile 
The younger coals show l e s s  hydrogen and methane in m a t t e r  of t he  coal. 

the product gas.  
t r a t ion  of both of these  g a s e s ,  F igu re  5. 

However,  increas ing  the energy input i nc reases  the,  concen- 
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Tests  were  a l so  run to determine the effect of var ious  a tmospheres  
on the product distribution. 
were  run in vacuum. 
added to se rve  a s  an  a b s o r b e r  for  the high energy believed existent in the 
products.  
when compared with the vacuum runs.  

A s  stated previously,  mos t  of the exper iments  
In a depar ture  f rom this  usual pract ice ,  nitrogen was  

It i s  seen in Table IiI that 10 mm.  of N, had no significant effect, 

Effect of Increased P r e s s u r e  

L O O -  x 325-mesh Elkol par t ic les .  3200 joules input 

Gas 
Composition, mol % 10 m m  N L  Control (vacuum 0.1 mm) 

H2 44 .5  42.4 
CH4 0.9 0.7 
CzH2 20 20.7 
co 24.5 25 * 

The effect of hydrogen in  repress ing  the decomposition reactions 
was investigated next. 
In Table IV that increasing the H2 p res su re  dec reases  the CzHz while in-  
c reas ing  the CHc. 

Two p r e s s u r e  levels were  investigated. It is seen  

This is consistent with inhiblting the reaction. 

2CH4 3 CZHL t 3H2 

Some saruration of the C,H2 could a l s o  have occurred .  Increas ing  the 
p r e s s u r e  increased  the effect. 
because the t e s t s  were  run at different t imes  and The physical conditions 
of the reactor  light e t c .  had ch?nged. 

'Two s e t s  of control runs  are quoted 

TABLE IV 

Effect of Hydrogen 

Elkol 5 - 1  O p ,  3200 jcules energy  input 

Mole 70 (on Hz-f ree  basis)  
Higher p r e s s u r e  comparison Lower p r e s s u r e  comparison -__ 

Gas Composl+ion 160 m m  H, control (0 .1  mm 10 m m  Hz control (0.1 mm 
~ 

vacuum) vacuum) 
~ 

CH, 4.8 0 .8  0.4 0.4 
CiH, 9 . 5  25.0 25 37.8 
co a5  65.5 71 49 
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The effect of s t e a m  on the reaction was studied by adding a d rop  
of w a t e r  to the coal.  As  shown in Table V resu l t s  a r e  s imi l a r  to those 
obtained with Hz. 

TABLE V 

Effect of Water 

Elkol ,  3200 joules energy input 

Gas Composition. 
mol % W ~ t h  HLO Without HzO 

H, 48 59 
CH4 2.6 1 . 0  
CZHZ 8 . 2  14.7 
co 30. 1 2 1 . 4  
C,' s 4 . 9  2.7 

In the above resu l t s ,  a l l  changes were  attr ibuted to variation of 
the energy input. However.  the exposure t ime  var ied  concurrently.  With 
the available se t -up ,  it w a s  not practical  to  v a r y  the electrical  c i rcu i t ry .  
Mechanical screening of the  coal proved mos t  prac t ica l  a s  a means  of 
varying the energy at constant exposure t ime. The technique consisted 
of using a double qua r t z  r eac to r  and interposing th ree  l a y e r s  of 18- x 14- 
mesh m e t a l  s c reen  between t o  cut down the  adsorbed energy without a f -  
fecting the t ime, Table VI. It i s  seen that the screen ,  by reducing the 
impinging energy, reduces cracking reactions.  

E lec t r i ca l  Energy 

Gas Composition, 
input 

TABLE V! 
-_) 

Effect of Energy Variation on Yield -- 
Double Quartz Walls 

Elkol coa l ,  average particle s i z e  5-10p 

With S c r e e n  

3200j 

16 
5 . 5  
4 . 2  

7 . 7  
8 . 9  
2 . 0  
0 . 2  

5 3  

Without Screen 

32003 

~- 

5 9  
1 . 0  

14.7 
2 1 . 5  

0 . 4  
2 . 7  

0 . 7  

W j  thout Screen 

8003 

44 
3 .0  

1 2 . 0  
18 

2 . 3  
6 . 6  
1 
0 . 8  

1 

i 



Mass balances around the r eac to r  show recover ies  of 74 to 110 
percent.  
solid residue was  washed into a Celite f i l ter-aid bed for  weighing. 
of the t e s t s  was  there  any evidence of t a r  formation. 
the amount of gas produced varied randomly, reflecting poor reproducibil i ty 
in  exposing all of the coal to the flash.  
the bottom of the reactor  during handling. 
blown f rom the r eac to r  wall  during the volati le-matter r e l ease .  

The weight of gas  was determined f rom the p r e s s u r e  r i s e .  The 
in none 

As  seen  in Table VII, 

Some of the coal invariably f e l l  to  
Also,  some coal obviously was 

TABLE V1.I 

Coal - 
Elkol 

Mass  Balances 

All runs at  3200 joules energy input 

W t .  Charged, mg. 
10.6 

Elkol (NZ run) 
Elkol (HL run) 
Elkol (H2 run) 
Johns t own 
John s town 
Johns town 
Powhattan 
Powhattan 
Illinois No. 6 
We st  Virginia 
West Virginia 

10.2 
10.4 
11.3 
9.7 

10.7 
10.1 
10.1 
10 .0  
10.4 
10.3 
9.7 

5 .5  
6 .9  
a .  6 

6 .7  

6 .3  
7.6 
a .  8 

6.0 

a .  5 

a.  5 

4. a 

6 .2  
4 .0  

1 .7  

2 .5  
2.9 

1.4 
2.8 
2 .6  

3. a 

1 .8  

2. a 

115 
105 

105 
8 0  

110 
92 

104 
98 
74 

1 oa 

a 9  

Since the distribution of solids and gas  did not give a r ea l i s t i c  
es t imate  of the percentage of coal volatilized, various o ther  techniques 
for  obtaining this p a r a m e t e r  were  investigated,  but none w e r e  successful .  

Microscopic examination of the residues showed the p re sence  of 
carbon-black par t ic les ,  
a s  being the residue of a lmost  completely vaporized coal pa r t i c l e s  o r  the 
final product of a hydrocarbon-cracking sequence. 
therefore  devised to c lar i fy  this point. 

The presence  of these par t ic les  could be in te rpre ted  

A va r i e ty  of t e s t s  were  

1) In o r d e r  to  p re se rve  a s  much of the hydrocarbons a s  posslble.  
an even f a s t e r  quench was  attempted. A special  reactor  v e s s e l  with a central  
cooling thimble was constructed by suspending a small 4-inch t e s t  tube within 
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a l a r g e r  one. The rhimb!e was filled with e i ther  a d r y  ice-acetone mixture  
o r  liquid nitrcgen. 
the  f lash  tube. Black soo'y mater ia l  was found a l l  ove r  the condenser indi- 
cating that gas .phase  decomposition could ha:,re occur red .  ,The thimble was 
lowered until it was finally ccmpletely within the flash zone. 
n i t rogen  was used; the  rhermal  shock shattered the g lass  apparatus.  How- 
eve r ,  the  sooty appez rance  of the condensed par t ic les  pe r s i s t ed .  

At f i r s t ,  the cold thimble was placed above the top of 

When liquid , 

2) Attempts  w e r e  made to distinguish microscopically between 
unrezcted ccal. c h a r  and acefylene 51.ck. 
marer13l made d i r ec t  dec is ion  among *he pcssi5-Ii t ies impossible.  A+!emp!s 
to produce "cry uniformly s ized  coz1 were  essec t ia l ly  unsuccessful.  It was 
finally decided f c  a t tempt  d i r e c t  compa r i s cn  by phctographing specific areas 
of s l ides  before and a f t e r  flashing. The 
A designation indic?tes tha t  the plcrnre wzs  tzken before clashing the €3, 
a f t e r  f l i sh ing .  The g r id  was  superimposed on the  s l ides  during printing 
and s e r k e s  to locate points of Int-resr. i t  can he seen ?hat 12rge clumps 
of coal w e r e  blown rif the sl ide by the flash. For example,  compare F igure  
6A - B a r e a s  7D 2 F .  Some g lass  was blistered a s  in F igu re  61-1, a r r a s  
8D, 9 F .  lmpor+?n* obser..?ticps can be made  in F igure  6A B. ? r e a s  8D 
8E - F. Here  pa r t t c l e s  c a n  be identihad before and a ' t e r  exposure (nore in 
pa r t i cu la r  the par t  c l e  shaped like the s t a t e  of New Jersey in the upper 
cen te r  of 8D).  The p2rt:cIes a r e  essent ia l ly  s i m i l ? r  ' R  sh ipe  befor? znd 
after t h e  flash,  thus indica+ing that complete decomposition 0 1  the coal h a s  
not occu r red .  Obs,iciisly these  ~ 0 3 1 s  were  no? screened frcm the  f lash,  a s  
any  par t ic le  which could be seen  by the camera should 3150 have been e x -  
posed t o  the  flash. 
vaporizat .cn c r  decompcsi t icn of .he coal part:c:es occurred .  
the exact magr- tude c s n r c t  be de'ermrned slnce *\e c c a '  p r * i c : + s  cxp i rd  
during the cok:ng p rocess .  

The fineness of ?he  start ing 

The resu l t s  = re  shcwn in F i g u r e  6.  

The conclusion therefore  must be  that only prtrtial 
Howe-,e-, 

Conclusions 

' F l ? s h  heating i s  a pra.ctics1 technique tc produce shcrt  peric,ds 
of h:.gh tempers?ure i n  coa l  parr.iclss. The pe rc r r i age  c i  cca1 :.cla*il.ized 
could n c t  be  determined,  Sut microscopic examin.?:,c.n sugqesrs !hat tot?] 
vapor iza t icn  did nct. t ake  p l ~ c e .  Nc liquids were recox-ered. hi;.' the gases .  
whet.her produced d i r ec t ly  or indirect!v by cracking.of p recLrso r  Tsrs. 
con:ained many xTa!.c?ble consti tuents.  
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FIGURE 5: Relationship of H2 and CH4 concentrations 
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FIGURE 6A: Before flash Each  scale  division = 2 microns  
Energy  of f lash 3200 joules.  
Elkol,  powdered, then twice elutriated to sepa ra t e  out 
the fines;  average  par t ic le  s ize  about 5 mic rons .  
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FIGURE 6B: Af t e r  f lash  Each  sca le  division = 2 mic rons  
E n e r g y  of flash 3200 jou les .  
E lkol ,  powdered, then twice elutriated to separa te  out 
the  fines;  average par t ic le  size about 5 mic rons .  


